To develop a gene transformation method for Flammulina velutipes, we constructed a vector with hph gene under control of the trp1 gene promoter. The vector was integrated into protoplast derived from mycelia by the calcium-polyethylene glycol method, as it has not been reported for F. velutipes. Transformation efficiency was much improved when transformation was performed by the restriction enzyme mediated integration method.
The word ''biomass'' was originally used to describe the total mass of living matter within a given unit of environmental area, but now denotes plant material, vegetation, and agricultural waste used as an energy source. Since biomass resources are renewable, carbonneutral materials, they have big potential as alternatives to fossil fuel, and the production of biomass-derived ethanol (bioethanol) offers a practical alternative to gasoline. Especially, lignocellulosic biomass is highly attractive as a feedstock, because it is abundant, does not compete with food, and is more effective for the reduction of CO 2 than starch or sugars. However, the high production cost of bioethanol from lignocellulose is a barrier to practical application.
Consolidated bioprocessing (CBP), which involves production of saccharification enzymes, decomposition of biomass, and production of ethanol from the resulting sugars in a single process step, is regarded as a major breakthrough in the low-cost production of bioethanol. In the course of this process, microorganisms that can hydrolyze the polysaccharides of a biomass and ferment the resulting sugars to ethanol are required, and thus development of a new microorganism suitable for CBP has been attempted by several research groups around the world. 1, 2) Recently, we found the edible mushroom Flammulina velutipes Fv-1 strain to be an efficient ethanol producer, and, we characterized its properties of ethanol fermentation from various sugars 3) and whole crop sorghums. 4) Since F. velutipes is known as a wood rotting fungus that can degrade lignocellulose, it should be suitable for use in CBP bioethanol production from lignocellulose. However, the strain can only slightly convert pentoses, which account for approximately 20-30% of plant cell walls, into ethanol.
3) Therefore, genetic engineering of the pentose metabolism is necessary to make possible the ethanol fermentation from pentose. A transformation method of F. velutipes by the electroporation protocol for basidiospores has been reported, 5) but it requires a long period to produce basidiospores because it must go through fruiting body formation, and cannot eliminate the risk of contamination in the process of spore harvest. Since screening of many transformants is needed for improvement of the metabolic pathway by genetic engineering, the development of a simpler transformation method is desired to obtain high numbers of transformants. In the present study, an adequate condition for protoplast preparation from mycelia of F. velutipes Fv-1 strain was investigated, and simpler a transformation protocol for this fungus was developed by the calcium-PEG method and the restriction enzymemediated-integration (REMI) method.
First, we constructed a vector for transformation of the F. velutipes Fv-1 strain (Fig. 1A) . The vector possessed a tryptophan synthetase gene promoter and terminator to regulate expression of the constructed genes, and the hygromycin phosphotransferase gene (hph) from Escherichia coli as selection marker. The hph gene was obtained from pCAMBIA1201 vector (CAMBIA; http://www.cambia.org/) by PCR with a set of primers (refer to the legend to Fig. 1 ) and KOD plus ver. 2 polymerase (Toyobo, Osaka, Japan). The promoter and terminator of the tryptophan synthetase gene trp1 from F. velutipes were amplified by PCR with a set of primers based on the nucleotide sequence of the trp1 gene from F. velutipes (GenBank no. AB028647; refer to the legend to Fig. 1 ). Each amplification fragment was digested with the appropriate restriction enzymes and ligated into the corresponding restriction site of pCHAN with -tubulin vector (Fig. 1B) . Resulting plasmid was designated pFvT (Fig. 1A) .
Next, conditions to prepare protoplast from the mycelia of F. velutipes were optimized by modifying a method for Phanerochaete sordida.
6) The F. velutipes Fv-1 strain was grown in PCMY (1% polypeptone, 0.2% casamino acid, 1% malt extract, and 0.4% yeast extract) medium at 25 C for 3 d. Then the mycelia were collected and incubated in enzyme solution (1.5% cellulase Onozuka-RS (Yakult Pharmaceutical, Tokyo) and 1.5% lysis enzyme (Sigma, St. Louis, MO) in 0.75 M MgOsm (0.75 M MgSO 4 , 20 mM MES, pH 6.3) at 30 C for 5 h. The protoplasts were filtered through Miracloth (Cosmo Bio, Tokyo), washed at twice with 1 M SorbOsm (1.0 M sorbitol, 10 mM MES, pH 6.3), and suspended in SorbOsm plus 40 mM CaCl 2 solution to a final concentration of approximately 10 8 protoplasts ml À1 . Genetic transformation was investigated using the pFvT vector and the protoplasts prepared as described above. The transformation procedures for Lentinus edodes 7) and Schizophyllum commune 8) were modified for the transformation of F. velutipes Fv-1. One hundred ml of protoplast suspension was gently mixed with pFvT vector (10 mg) and 100 ml of PEG solution (25% PEG 4000, 10 mM Tris-HCl, pH 7.5, and 50 mM CaCl 2 , filter sterilized), and incubated for 20 min on ice. After a further 2 ml of PEG solution was added to the protoplast solution, the solution was incubated for 15 min at room temperature. Two ml of 1 M SorbOsm containing 40 mM CaCl 2 was added, and the mixture centrifuged for 5 min at 1;500 Â g at room temperature, followed by removal of the supernatant. The precipitated protoplasts were resuspended in regeneration MYGS medium (MYG (0.4% malt extract, 0.4% yeast extract, and 1% glucose) þ 0.5 M sucrose), and then incubated for 1 d at 25
C without shaking. The final protoplast solution thus obtained was plated onto MYGS medium containing 30 mg/ml of hygromycin B for screening of transformants.
In the course of the transformation process described above, the effect of the structure of the plasmid DNA on transformation was evaluated using circular and linear pFvT plasmids. Approximately 6-fold transformants were obtained when the plasmid DNA was linearized (Table 1) . Because the REMI method is a popular transformation tool for fungi, 7,9-11) we evaluated the effect of REMI on the transformation for F. velutipes Fv-1. The F. velutipes Fv-1 strain was transformed by pFvT with a restriction enzyme, BglI, KpnI, or PstI. The addition of the restriction enzymes increased the number of transformants by about 1.6-to 5.8-fold (Table 1 ). The result suggests that the addition of restriction enzymes enhanced the transformation efficiency of F. velutipes. The refore, to find the optimum enzyme concentration for REMI, we performed transformation using circular pFvT plasmid with the presence of various concentrations of PstI (Fig. 2A) . As for the results, the number of transformants obtained was affected by the amount of restriction enzyme. The efficiency was significantly increased by the addition of PstI at 25 units, by it gradually decreased when the PstI amount was over 25 units, suggesting that the optimal value for transformation mediated by the PstI is 25 units. Fig. 1 . Structures of the Plasmids Used in This Study. A, pFvT vector has a MCS (multiple cloning site) between the trp1 promoter and terminator regions, a replication origin same as that of the pUC type, and antibiotic-resistance genes (hph and amp r ). hph is a hygromycin B phosphotransferase gene, and amp r is an ampicillin resistance gene. This plasmid was derived from pCHAN with -tubulin plasmid (B) by insertion of the trp1 promoter, terminator and hygromycinresistance gene into the KpnI-NcoI, EcoRI-PstI and PstI-SpeI sites instead of the -tubulin promoter, terminator, and fltR gene, respectively. The trp1 promoter and terminator regions were amplified by PCR with KOD plus ver. 2 polymerase (Toyobo, Osaka, Japan), using the following primer pairs: trp1pro1-F, 5
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0 -tggtacctgtgacttacctattgagcaggc-3 0 , and trp1pro1-R, 5 0 -ttccatggttgaaaggattgttcaagttgaacgg-3 0 ; trp1ter1-F, 5 0 -ttgaattcttagaaatggtgggcgggtatc-3 0 , and trp1ter1-R, 5 0 -ttctgcagatatcgttatggtgagcaaattccagc-3 0 ; trp1pro2-F, 5 0 -tctgcagtgtgacttacctattgagcaggc-3 0 , and trp1pro2-R, 5
0 -tctgcagtgtgacttacctattgagcaggc-3 0 ; trp1ter2-F, 5 0 -ttggcgccttagaaatggtgggcgggtatc-3 0 , and trp1ter2-R, 5 0 -ttactagtgatatcgttatggtgagcaaattccag-3 0 . The gene encoding hygromycin phosphotransferase was amplified by PCR using 5 0 -tggcgccatgaaaaagcctgaactcaccgc-3 0 and 5 0 -tggcgccctatttctttgccctcggacgag-3 0 primers. The underlined sequences represent restriction sites. Before insertion of the PCR products into the expression vector, the amplification fragments were subcloned into pGEM-T easy vector (Promega, Madison, WI), and were confirmed by sequencing with a 3130 Genetic Analyzer (Applied Biosystems, Tokyo). B, pCHAN with -tubulin plasmid containing -tubulin promoter and terminator, and the fltR gene for succinate dehydrogenase C subunit with a point mutation from Coprinus cinereus (AB092688). In order to determine whether the plasmid vector was integrated into the genomic DNA by REMI, the genomic DNA of 10 randomly selected transformants mediated by PstI was analyzed by Southern blot 12) using the digoxigenin-labeled hph gene as a probe (Fig. 2B) . A corresponding to the size of the plasmid (5.9-kb) was clearly observed in the genomes of the three clones (lane 4, 9, and 10 in Fig. 2B ), indicating that the full length of the plasmid was successfully introduced into the transformants. However, different molecular sizes of bands originating from the pFvT vector were observed in all clones. Because the presence of the hph gene in the genomic DNA of each transformant was confirmed by PCR (data not shown), these results imply that the PstI sites were deleted when the pFvT vector was integrated into the genomic DNA, or that only a part of the plasmid containing the hph gene was introduced into the genomic DNA. Consequently, we estimate the percentage of integration of full length pFvT vector in the hygromycin-resistant clones to have been approximately 30%, and the hph genes might exist as a multicopy in the genomic DNAs of these transformants.
In conclusion, we found a simple transformation procedure for the mycelia of F. velutipes Fv-1 strain by the calcium-PEG method combined with REMI. The calcium-PEG method does not require a process of spore formation, because the mycelia could be used as starting material. Moreover, a high efficiency of transformation was obtained by the adoption of REMI. The method should provide advantages in CBP bioethanol production, using F. velutipes by metabolic engineering of the Fv-1 strain to improve the ability of pentose fermentation. 
